II. CWDVR METHOD
The DVR method has its origin in the transformation method devised by Harris et al [5] , where it was further developed by Dickinson and Certain [6] . Light et al. [7] first explicitly used the DVR method as a basis representation for quantum problems, where after different types of DVR methods have found wide applications in different fields of physical and chemical problems [8] . The DVR method gives an idea, associated basis functions are localized about discrete values of the coordinate under consideration. The DVR simplifies the evaluation of Hamiltonian matrix elements. The matrix elements of kinetic energy can also be calculated very simply and analytically in most cases [9] . In this section, we first give a brief introduction to the DVR constructed from orthogonal polynomials and Coulomb wave functions, which will be used to solve the Kohn -Sham equation for many -electron atomic systems.
The DVR approach basis functions can be constructed from any complete set of orthogonal polynomials, defined in the domain with the corresponding weight function [9] . It is known that a Gaussian quadrature can also be constructed using nonclassical polynomials. The DVR derived from the Legendre polynomials has been shown by Machtoub and Zhang [10] to provide very precise results for the metastable states of the exotic helium atom.
An appropriate quadrature rule for the Coulomb wave function was given by Dunseath et al [11] with explicit expressions for the weights. The time dependent single particle Kohn -Sham equation has the form i ∂ψ j ( r, t) ∂t
Here, ψ( r, t) the single particle Kohn -Sham orbit of N electron atom, H 0 -atomic Hamiltonian, υ ef f is the time dependent effective potential, and charge density depends on the coordinates and time and is given by
However, one can rewrite Eq.(1) in imaginary time τ and substitute τ = −it, t being the real time, to obtain a diffusion -type equations:
The Kohn -Sham effective local potential contains both classical and quantum potentials and can be written as:
Here the first term is inter -electronic Coulomb repulsion, the second is the electron -nuclear attraction term, the third is exchange -correlation term, and last term comes from interaction with the external field (in the present case, this interaction is zero). A simple local energy functional form has been applied for the atoms, and the exchange part can be found to be [12] ,
The simple local parameterized Wigner -type correlation energy functional [13] used for ground states:
where a = 9.81, b = 21.437, c = 28.582667 are respectively. The solution of Eq. (1) is used split time method, for split time ∆t. It can be written
One of the main features of the DVR is that a function R( r, t) can be approximated by interpolation through the given grid points:
Here: R(r j ) is the interpolation function, g j (r) is the cardinal function.
The Coulomb wave function is defined by radial grid points. Interpolation function is obtained by using the radial function that is derived from the cardinal functions. By noting that F (r) is the Coulomb function, F (r) is the first derivative from F(r) at the position r j , ψ j is found to be ψ j = R(r) F (r) . The propagation in the energy space (step first in equation) can now be achieved through
The cardinal functions g j (r) in (Eq.10) are given by the following expression
where the points r j (j = 1, 2, ..., N ) are the zeros of the Coulomb wave function F (r) and F (r j ) stands for its first derivative at r j and g j (r) satisfies the cardinality condition
Since the Coulomb wave functions was expressed in quadrature rule with expressions for the weight ω j , then DVR basis function F j (r) satisfies the eigenvalue for the radial Kohn -Sham type equation:
andĤ
The DVR greatly simplifies the evaluation of Hamiltonian matrix elements. The potential matrix elements involve merely the evaluation of the interaction potential at the DVR grid points, where no integration is needed. The DVR basis function f j (r) is constructed from the cardinal function g j (r) as follows
here the weight ω j is given in [11] :
The second derivative of the cardinal function g j (r j ) is given by
where a k is given by Eq.(18) and c k . Here kinetic energy matrix elements D ij calculated using:
In the Eq. (15), to expand R(r j ) in the eigenvectors of the HamiltonianĤ 0 , we first solve the eigenvalue problem forĤ 0 after discretization of coordinate, the differential equation for this problem can be written as:
Here D ji denotes the symmetrized second derivative of the cardinal function that is given as,
The Eq. (2) is then numerically solved to achieve a self -consistent set of orbitals, using the DVR method.
These orbitals are used to construct various Slater determinants arising out of that particular electronic configuration and its energies computed in the usual manner. A key step in the time propagation of Eq. (9) is to construct the evolution operator e −Ĥ 0 l ∆t/2 ∼ = S(l) through an accurate and efficient representation of H 0 l . Here we extend the DVR method to achieve optimal grid discretization and an accurate solution of the eigenvalue problem ofĤ 0 l . In the present work, we are particularly interested in the exploration of the improvement of the KohnSham type equation in electron structure calculation. Thus we choose the Slater wave function as our initial state at t = 0. Note that, the differential equation for time propagation is normalized at the each time step.
Here the 152 grid points are used for the DVR discretization of the radial coordinates and ∆t = 0.001au., with 500 iteration is used in the time propagation to achieve convergence.
III. CALCULATION AND RESULTS
In this section we present results from nonrelativistic electronic structure calculation of the ground states of Li, Be, B, C, N , O and F atoms. Here, parameters of the Coulomb wave function such as wave number and effective charges are chosen to be k = √ 2E = 3 and Z1 = 400 . Table I [2] . For the Li, Be, B, C and F atoms, the calculated exchange energy is nearly exact, while for N , O and F there is an underestimation about 1.1%. This indicates that the simple local exchange functional in Eq. (5) is well accurate, compare to those of Amlan J Roy [14] .
The "exact" correlation energies are considered for theLi, Be, B, C, N , O and F atoms in the Table I shows that the Viral theorem is nearly satisfied for Li, Be, B and C atoms.
The calculated kinetic energy term for the Li atom is reasonably exact to HF, while for rest atoms there is an underestimation by 2.1 − 4.3%. In Figures 1 and 2 , the radial density plots for lithium, boroncarbon and nitrogen are presented, where HF plot is not shown. In Figure 3 , we report the radial density plots for beryllium. The inset (a) reports the result from present calculation; the inset (b) shows the HF plot for comparison. Here, the radial density plot shape from our calculation is in good agreement with the HF plot.
IV. CONCLUSIONS
In conclusion, we present that the nonrelativistic ground state properties of Li, Be, B, C, N , O and 
